Summary. The binding site of gurmarin, a peptide inhibiting the sweet-taste sensation, was studied in taste buds in rat circumvallate papillae by means of a histochemical technique. Frozen sections of tongues were incubated with gurmarin conjugated with biotin and thereafter examined with a light microscope. Positive reactivity for the peptide was localized to the taste hairs, the apical projections of taste bud cells. The reaction appeared in about 10% of the circumvallate taste buds examined. As electrophysiological studies indicate that gurmarin suppresses the sweet-taste sensation at the level of reception, the present study suggests that the receptor for sweet taste is located on the taste hairs and, furthermore, is present only in a certain, limited number of the taste buds.
Summary. The binding site of gurmarin, a peptide inhibiting the sweet-taste sensation, was studied in taste buds in rat circumvallate papillae by means of a histochemical technique. Frozen sections of tongues were incubated with gurmarin conjugated with biotin and thereafter examined with a light microscope. Positive reactivity for the peptide was localized to the taste hairs, the apical projections of taste bud cells. The reaction appeared in about 10% of the circumvallate taste buds examined. As electrophysiological studies indicate that gurmarin suppresses the sweet-taste sensation at the level of reception, the present study suggests that the receptor for sweet taste is located on the taste hairs and, furthermore, is present only in a certain, limited number of the taste buds.
Gustatory cells in the taste bud receive chemical stimuli, transmitting this through synapses to afferent nerve fibers. Concerning the taste reception mechanisms, there is accumulating evidence that receptors, though not yet specified, are engaged in the sensation at least of sweet and bitter tastes (for review, see AKABAS, 1993) . The gustatory cells apically extend microvillous processes called taste hairs, which directly contact the oral cavity through the taste pore (for review, see REUTTER and WITT, 1993) . The hypothesis is widely accepted that the receptors might be localized in the plasma membrane covering the taste hairs (HIJI, 1975) .
From the leaves of an Indian plant, Gymnema sylvestre, IMoTo and associates recently isolated a novel peptide which suppresses sweet taste responses of the gustatory fibers in the rat and mouse . This peptide, given the name of gurmarin , comprises 35 amino acid residues (KAMEI et al., 1992) . Incidentally the leaves of this plant have long been known to contain sweet tastesuppressing glycosides, gymnemic acids (HOOPER, 1887).
Electrophysiological investigations in the rat have suggested that gurmarin blocks the binding of sweet substances to the corresponding receptor . Using a histochemical technique, this study aims to specify, in the rat taste buds, the acting site of the peptide under the microscope. It is expected that the results will serve our understanding of the localization and nature of the sweet taste receptor.
MATERIALS AND METHODS

Tissue preparation
Male Wistar rats weighing 200-250g were used. Circumvallate papillae were dissected out from the tongues under anesthesia by an intraperitoneal injection of sodium pentobarbital and immediately immersed into liquid nitrogen. Frozen sections cut at 6um on a cryostat were mounted on glass slides and processed for the following procedures.
Histochemical procedures
The sections were incubated overnight at 4C with biotin-conjugated gurmarin at a concentration of 40 pg/ml. The peptide was dissolved in phosphatebuffered saline (PBS; 0.9% NaCI in 0.01M sodium phosphate buffer, pH 7.3). The sections were then *This study was supported by a Grant-in-Aid for General Scientific Research from the Ministry of Education , Science and Culture, Japan (No. 06671838).
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Figs. 1-3. Binding of gurmarin to the taste buds in rat circumvallate papillae. Fig. 1 . Only a few taste buds (arrows) exhibit the positive reaction exclusively in their apices. Nonreactive taste buds are shown by arrow heads. X 260. Fig. 2 . A specificity control.
The section was incubated with nonlabeled gurmarin prior to the ordinary staining procedures. No reactive taste buds appear. x 260. Fig. 3 . Enlarged view of a part of Figure 1 . Two gurmarin-reactive taste buds are shown (arrows). The reactivity is localized to rod-shaped structures corresponding to taste hairs in the taste pits. x 720 1 2 Sweet Taste Receptor in Rat Taste Buds 533 exposed to an avidin-biotin-peroxidase complex (Nichirei Corporation, Tokyo, Japan) for 45min at room temperature.
Both before and after this step, they were thoroughly rinsed in PBS. The reactivity was visualized with 0.0125% 3,3'-diaminobenzidine tetrahydrochloride and 0.004% hydrogen peroxide in 0.05 M Tris buffer, pH 7.6.
Specificity controls
The reaction specificity was checked by the following controls: omitting the step for biotinylated gurmarin and incubating overnight those sections with nonlabeled gurmarin (80ug/ml) prior to the ordinary staining procedures as described above.
RESULTS AND DISCUSSION
Positive reactivity was detected exclusively in the apical part of the circumvallate taste buds (Fig. 1) . As both specificity controls led to no reaction (Fig. 2) , the positive staining was regarded as being specific.
Precise examination at a higher magnification revealed that the reactivity for gurmarin was confined to delicate, rod-like structures standing parallel in the taste pits (Fig. 3) . These structures could reasonably be identified as the taste hairs, or apical microvilli of the taste bud cells protruding into the taste pits (see TAKEDA and HOSHINO, 1975) .
It was noticed that the positive reactivity was confined to only a part (around 10%) of the taste buds examined (Fig. 1) . No other region was reactive, including the major cytoplasm of the taste bud cells and the surface of the epithelium lining the circumvallate papillae (Figs. 1, 3) .
The persent study has revealed that gurmarin actually binds to the apices of rat circumvallate taste buds as IMoTo et al. (1991) and MIYASAKA et al. (1991) postulated. The existence of a certain molecule in the cell membrane displaying an affinity for gurmarin is supported, and this molecule is most likely identical with the sweet taste receptor, as proposed by MIYA-SAKA et al. (1991) on the basis of their electrophysiological investigations applying gurmarin to the rat tongue followed by treatment with anti-gurmarin serum or pronase. E. MIYASAKA et al. (1994) , furthermore, have successfully isolated several proteins from the rat lingual epithelium, 70-80kDa in molecular weight, that interact with gurmarin. As these proteins are specifically localized to the dorsal epithelium of the rat tongue, they might be candidates for the sweet taste receptor on the taste buds (MIYASAKA et al., 1994) .
Taste buds in the circumvallate papillae are innervated by the glossopharyngeal nerve. According to an electrophysiological study by FRANK (1975) on the rat glossopharyngeal taste neurons, the nerve fibers eliciting the largest response to sucrose (sweet-best fibers) were the fewest, among the fibers best-responding to four basic tastes (10 sweet-best fibers out of 52 fibers). This finding by FRANK (1975) seems to be compatible with the present histochemical results that the binding of gurmarin occurs only in about 10% of rat circumvallate taste buds.
The present study, supporting the view that gurmarin blocks the sweet taste sensation at the level of reception MIYASAKA et al., 1991) , may hopefully be first to visualize the histological localization of the sweet taste receptor. To establish this evidence, we are now in the process of exploring the detection of the gurmarin-reacting site under the electron microscope.
